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Objectives: The coronavirus disease 2019 (COVID-19) pandemic is seriously threatening public health and
setting off huge economic crises across the world. In the absence of specific drugs for COVID-19, there is an
urgent need to look for alternative approaches. Therefore, the aim of this paper was to review the roles of
micronutrients and bioactive substances as potential alternative approaches in combating COVID-19.
Methods: This review was based on the literature identified using electronic searches in different databases.

Keywords: Results: Vitamins (A, B, C, D, and E), minerals (selenium and zinc), and bioactive substances from curcumin, ech-
COVID-19 . . . . . . . .

SARS-CoV-2 inacea, propolis, garlic, soybean, green tea, and other polyphenols were identified as having potential roles in
Cytokine storms interfering with spike glycoproteins, angiotensin converting enzyme 2, and transmembrane protease serine 2
Lung injury at the entry site, and inhibiting activities of papain-like protease, 3 chymotrypsin-like protease, and RNA-

dependent RNA polymerase in the replication cycle of severe acute respiratory syndrome coronavirus 2. Having
immunomodulating, antiinflammatory, antioxidant, and antiviral properties, such micronutrients and bioactive
substances are consequently promising alterative nutritional approaches to combat COVID-19.

Conclusions: The roles of micronutrients and bioactive substances in the fight against COVID-19 are exciting

Micronutrients
Bioactive substances

areas of research. This review may suggest directions for further study.

© 2020 Elsevier Inc. All rights reserved.

Introduction

Outbreaks of coronavirus disease 2019 (COVID-19) infections
began in late 2019 in Wuhan, China [1]. COVID-19 is caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which is an enveloped, positive-sense, single-stranded RNA virus
that belongs to the genus [3-coronavirus [2,3]. SARS-CoV-2 follows
the steps of attachment, endocytosis, biosynthesis, maturation,
and exocytosis in its replication cycle [4].

A genome-wide phylogenetic analysis indicated that SARS-CoV-
2 shares a 79.5% sequence identity with SARS-CoV and 50% with
the Middle-East respiratory syndrome coronavirus (MERS-CoV)
[3,5,6]. A structural and functional analysis showed that the spike
(S) glycoprotein for SARS-CoV-2 bound to angiotensin (Ang) con-
verting enzyme (ACE) 2 receptors [4] with 10- to 20-folds higher
affinity than SARS-CoV [7]. SARS-CoV-2 has a basic reproduction
number (RO) of 2.2 [1] that doubles the RO of SARS-CoV and
MERS-CoV (RO < 1) [8], and suggests that SARS-CoV-2 is extremely
contagious. Given the high RO, mutation, and recombination,
SARS-CoV-2 infections spread very rapidly and pose a serious
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threat to public health [6], causing huge economic crises across the
world [9].

Many countries have implemented public health measures,
including social distancing and lockdowns, to mitigate further
spreading of the virus [4]. Nonetheless, thousands of patients with
severe cases have been dying every day worldwide due to a lack of
specific antiviral drugs and the pressure of clinical treatment [6G].
The direct cause of death is generally due to ensuing severe atypi-
cal pneumonia [10] as a result of cytokine storms. The early death
cases of the COVID-19 outbreak occurred primarily in elderly peo-
ple, possibly due to their weak immune system that permits a
faster progression of the viral infection [1,11].

In the absence of specific drugs for SARS-CoV-2, there is an
urgent need to find alternative approaches to prevent and control
the spread of the virus. Public health measures that can mitigate
the risk of infection and death are desperately required. A recent
increase in the popularity of alternative medicine and natural
products has renewed interest in micronutrients and bioactive
substances as potential alternative approaches. Exploring the
repurposing of already studied nutritional interventions for SARS-
CoV, MERS-CoV, and other viral infections can provide alternative
approaches to combat COVID-19. Therefore, the aim of this paper
was to review the potential roles of micronutrients and bioactive
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substances in combating COVID-19. Our narrative review focuses
on micronutrients and bioactive substances with potential effects
on replication cycles and complexes, which have potential antiviral
properties for SARS-CoV-2 and are capable of boosting host
immune systems. In this review, the following questions were
addressed in detail: 1) What kind of roles can micronutrients and
bioactive substances play at the entry site and in the replication
processes of SARS-CoV-2; 2) can micronutrients and bioactive sub-
stances play roles in lessening the replication complex of SARS-
CoV-2; 3) what are their potential impacts on immune responses
to infection with SARS-CoV-2; 4) do they likely mitigate the clinical
features of COVID-19; and 5) do they have antiviral properties?

Methods

Literature searches were performed in the Pubmed, Scopus, Embase, CENTRAL,
and Google Scholar databases, as well as citation tracking on original research
articles between March 26, 2020 and June 25, 2020. The online search was done
using a combination of the following keywords: “micronutrients and coronavi-
ruses”; “micronutrients and SARS”; “micronutrients and MERS”; “micronutrients
and RNA viruses”; “bioactive substances and coronaviruses”; “bioactive substances
and SARS”; “bioactive substances and MERS”; and “bioactive substances and RNA
viruses”. In this review, articles were screened based on titles and abstracts, and
subsequently included when they met the inclusion criteria. The inclusion criteria
included articles defining outcome measures; reporting on antiinflammatory, anti-
oxidant, and antiviral effects, as well as immunologic responses of micronutrients
and bioactive substances on SARS CoV-2, SARS, MERS, and other viral infections;
and published in English. Unpublished articles were excluded, as well as dupli-
cates, noninterventional studies (e.g., case-control, cross-sectional, cohort, and
case report studies, as well as commentaries and letters to editors). Based on the
inclusion and exclusion criteria, 351 articles were retrieved. Of these, 58 articles
were selected and included in the review processes.
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Results and discussion
Pathobiology of SARS-CoV-2

SARS-CoV-2 entry into the host cell

The receptor-binding domain of the virus S attaches to the ACE2
receptor of lung epithelial cells [12,13]. S glycoprotein comprises
two functional subunits, S1 and S2, which are responsible for
attachment and fusion, respectively [14]. The two subunits are sub-
jected to protease cleavage to be cleaved and primed by trans-
membrane protease serine 2 (TMPRSS2) and cathepsin L [15,16].
Once the viruses attach to ACE2 receptors, they enter the host cells
either through endocytosis or membrane fusion (Fig. 1) [4,17].

SARS-CoV-2 replication cycle

Once the virus is endocytosed, its RNA genome is released into
the host cell cytoplasm. During the process of replication, the host
translational machinery is hijacked for the translation of polypro-
teins and essential viral proteases [18,19]. The 5’ two-thirds of the
genome encodes two polyproteins, ppla and pplab, collectively
termed the replicase. These polyproteins are cleaved by 3 chymo-
trypsin-like protease (3CLpro) and papain-like protease into 16
nonstructural proteins, including RNA-dependent RNA polymerase
(RdRp) [3,20]. In the 3’, one-third of the SARS-CoV-2 genome, like
other (3-coronavirus, encodes four essential structural proteins (S,
envelope, matrix/membrane, and nucleocapsid), along with a set
of accessory proteins [3,19,20].

The newly synthesized structural and accessory proteins are
then trafficked from the endoplasmic reticulum through the Golgi
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Fig. 1. SARS-CoV-2 enters the host cell through the binding of the viral S protein to the host ACE2 receptor. The S protein is cleaved into S1 and S2 by a cell-derived protease.
S1 binds to ACE2 and S2 is activated by the host serine protease TMPRSS2 and results in membrane fusion. Once inside, SARS-CoV-2 hijacks the host machinery to transcribe,
replicate, and translate its RNA genome and structural proteins before being reassembled, encapsulated, and exocytosed from the cell. SARS-CoV-2 antigens are presented to
host APCs, which produce a range of cytokines. The release of cytokines causes an enhanced, unbalanced, and devastating proinflammatory response in the host. Adapted
from Review Invivogen (www.invivogen.com). APCs, antigen-presenting cells; ER, Endoplasmic Reticulum; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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apparatus, after which new virions assemble in budding Golgi
vesicles [19]. At the end, the mature SARS-CoV-2 virions are exocy-
tosed and released from the host cell into the surrounding environ-
ment to repeat the infection cycle (Fig. 1) [21].

SARS-CoV-2 replication complex

Infection triggers inflammatory responses. Studies have shown
that patients with severe disease have increased plasma concen-
trations of proinflammatory cytokines, such as interleukin (IL) 6,
IL-8, IL-10, IL-17, monocyte chemoattractant protein 1, macro-
phages inflammatory protein 1 alpha, granulocyte-macrophage
colony-stimulating factor, interferon (IFN)- vy, and tumor necrosis
factor-alpha [22-25]. Infiltration of many inflammatory cells were
observed in patients with a case of severe COVID-19 infection
[22,26]. High concentrations of proinflammatory cytokines may
lead to cytokine storms. Accumulated evidence suggests that
patients with severe COVID-19 infections had cytokine storm syn-
drome [27].

Cytokine storms induce lung injuries that results in acute respi-
ratory distress syndrome (ARDS), a life-threatening lung disorder
[28]. Overactivation of T cells, manifested by increased Th17 levels,
and high cytotoxicity of cluster of differentiation (CD) 8 T cells
account for, in part, the severe immune injury in patients infected
with COVID-19 [22]. Lipopolysaccharide (LPS), a potent proinflam-
matory molecule, triggers strong inflammatory responses. At the
tissue level, LPS causes acute lung injury (ALI)/ARDS by directly or
indirectly damaging pulmonary microvascular endothelial cells,
resulting in increased alveolar capillary membrane permeability
and subsequent pulmonary oedema, refractory hypoxemia, pulmo-
nary hypertension, and intense cellular infiltration, particularly
neutrophilic infiltration [29-31].

Immune responses

Coronaviruses display tropism for epithelial cells of the respira-
tory or gastrointestinal tract [32]. Respiratory epithelial cells con-
tribute to respiratory health beyond the barrier function and the
initiation of immune responses [33]. Epithelial cells, alveolar mac-
rophages, and dendritic cells are the main components for innate
immunity [24] and combat viruses in the first line of defense until
adaptive immunity gets involved [4].

Studies have demonstrated that cytokines, such as I[FN-a/[3, are
secreted to inhibit viral replication [34—36]. Neutralizing antibody
directed against capsid proteins blocks the initiation of coronavirus
infection [32]. The immunity conferred by the infection, apparently
immunoglobulin A, is short lived. Combined, the antigenic variabil-
ity of coronaviruses may contribute to frequent reinfections [37].
Although immunity after infection appears to be brief and reinfec-
tion can occur [38], there is no question on having robust immune
responses to combat coronavirus infections.

Clinical features

After the incubation period of 2 to 14 d, patients with a COVID-
19 infection manifest mild-to-severe respiratory illness, with
symptoms including fever, cough, and dyspnea [8,23]. In fact, the
signs and symptoms usually vary at the time of the onset of the ill-
ness and some patients may experience malaise, headache, sore
throat, runny nose, and tachypnea [39], as well as fatigue, anorexia,
myalgia, and sputum production over the course of the disease
[23]. All patients had pneumonia with abnormal findings on chest
computed tomography (CT) scans [23] and several patients had
lymphocytopenia at the time of admission [23,40].

Micronutrients

Vitamins

Vitamin A. Vitamin A plays a substantial role in maintaining the
integrity of respiratory epithelial cells [33,41] (Table 1). The active
form of vitamin A, retinoic acid, has protective effects in several
respiratory pathologies [42]. Diets low in vitamin A pronounce dis-
ease severity, as observed with the infectious bronchitis virus [43],
and compromise the effectiveness of vaccines, such as the bovine
coronavirus vaccine [43,44]. Chronic vitamin A deficiency has been
associated with histopathological changes in the pulmonary epithe-
lial lining [42]. Multiple genes respond to the signals of retinoic acid
through transcriptional and nontranscriptional mechanisms [42].

The active retinol metabolite, all trans-retinoic acid (ATRA), is
responsible for mediating many of the important functions of reti-
noids, which are the synthetic derivatives and metabolites of vita-
min A. ATRA is the natural ligand for retinoic acid receptors (RARs),
which form heterodimers with retinoid X receptors within the
nucleus [45,46]. RAR-retinoid X receptor heterodimers bind to reti-
noid acid response elements on the promoters of target genes to
activate transcription of these genes when bound by ligand [47].
As indicated by Soye et al. [46], retinoids are implicated in the reg-
ulation of the expression of many IFN-stimulated genes, including
the retinoic acid-inducible gene I (RIG-I) and IFN-regulatory factor
1 (IRF-1).

RIG-I functions as a cytosolic pathogen recognition receptor [48]
and drives immune signaling after binding to pathogen-associated
molecular pattern motifs within viral RNA that accumulate during
acute infection of many RNA viruses [49]. RIG-I initiates signaling
events, resulting in the production of cytokines, such as type I IFNs
[50,51]. IFNs have antiviral, antiproliferative, and immunomodula-
tory activities, and thus play crucial roles in host defenses [52].

IFN has been reported to induce RIG-I expression by causing the
IRF-1 transcription factor to bind to the RIG-I promoter [53]. RIG-I
has been shown to recognize a variety of RNA viruses, including
the measles virus [54]. Soye et al. [46] concluded that ATRA inhibits
measles virus replication through the RARa-dependent regulation
of RIG-I and IRF-1 and via an IFN feedback loop. Table 2 indicates
the dietary sources of vitamin A and other micronutrients and bio-
active substances.

Vitamin B complexes. Vitamin B complexes have an important role
in immune system regulation. Riboflavin and ultraviolet light effec-
tively reduced MERS-CoV titer [55]. A study on mice revealed that
nicotinamide significantly inhibited neutrophil infiltration into the
lungs, but paradoxically led to the development of hypoxemia
[56]. Appropriate supplementation of pyridoxine has improved
immune responses [57]. Folate plays a crucial role in DNA and pro-
tein synthesis, which suggests its role in cellular proliferation [58].
The provision of methyl—vitamin B;, treatment for vitamin B;,-
deficient patients improved the CD4/CDg ratio and suppressed nat-
ural killer cells [59].

Vitamin C. Vitamin C is believed to inhibit the production of cyto-
kine storms due to COVID-19 infection [28]. A high dose of vitamin
C is used to treat ARDS. For instance, Fowler et al. [29] reported
that infusing high-dose, intravenous vitamin C into patients with
virus-induced ARDS was associated with a rapid resolution of lung
injuries with no evidence of post-ARDS fibroproliferative sequelae.
Another study indicated that the timely administration of high-
dose, intravenous vitamin C improves the outcome of COVID-19
infection [28].
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Table 1
Micronutrients and bioactive substances with immunomodulating, antiinflammatory, antioxidant, and antiviral properties
Micronutrients and bioactive substances Targets Specific effects Reference
Vitamin A Immune response Maintains integrity of respiratory epithelium [33,41]
Has protective effects in many respiratory pathologies [42]
Regulates the expression of retinoic acid-inducible gene I and inter- [46]
feron-regulatory factor 1
Riboflavin Antiviral property Together with ultraviolet light effectively reduced Middle-East respi- [55]
ratory syndrome coronavirus titer
Nicotinamide Immune response Inhibits neutrophil infiltration [56]
Pyridoxine Immune response Improves immune responses [57]
Folate Immune response Plays crucial role in DNA and protein synthesis in cells [58]
Vitamin By, Immune response Improves high CD4/CD8 ratio and suppresses natural killer cells [59]
Vitamin C Antioxidant Protects against reactive oxygen species [65]
Inhibits the production of cytokines storm [28]
Immune response Highly concentrated in phagocytes and lymphocytes, suggesting a [60]
physiological role in immune cells
Supports epithelial barrier function against pathogens [62]
Improves immune system activities [65]
Increases production of interferon-a./3 [68]
Antiviral property Dehydroascorbic acid showed strong antiviral activity [69]
Vitamin D Antiinflammatory Downregulates proinflammatory cytokines (cytokine storm) [23,78]
Increases expression of antiinflammatory cytokines [83]
Stimulates T reg cells development [84]
Enhances expression of glutathione reductase and glutama- [79,80]
te—cysteine ligase
Immune response Stimulates maturation of immune cells [9]
Attenuates lipopolysaccharide-induced acute lung injury by, at least [31]
partially, inducing ACE2/Ang 1-7 axis activity and inhibiting renin and
the ACE/Ang II/Ang I type 1 receptor cascade
Antiviral property Explained by inducing the release of cathelicidin LL-37 and human b [76]
defensin 2
Vitamin E Antioxidant Reduces oxidative stress through binding to free radicals [93]
Zinc Replication cycle Interferes with 3 chymotrypsin-like protease [106—109]
Antiinflammatory Inhibits the expression of proinflammatory cytokines, chemokines, [113,116,117]
acute phase proteins (C-reactive protein and fibrogen) through inhib-
iting nuclear factor kB signaling
Modulation of regulatory T — cell functions that may limit the cyto- [118]
kine storm in coronavirus disease 2019
Immune response Involves in maintenance and development of innate and adaptive [119]
immune system
Considered as second messenger of immune cells [113]
Antiviral property In combination with pyrithione at low concentration inhibits the rep- [109]
lication of severe acute respiratory syndrome coronavirus
Selenium Antioxidant Antioxidant properties of amino acid selenocysteine [100]
Inhibits inflammatory process (cell injury) through Se-dependent glu- [99]
tathione peroxidase
Immune response Induces immune response [101]
Antiviral property Diminishes viral mutation and improves the immunocompetence of [100]
patients with selenium deficiency
Anthraquinone emodin Entry site Interferes with attachment and fusion of spike protein and ACE2 [126]
receptor
Curcumin Entry site Interferes with attachment and fusion of spike protein and ACE2 [125]
receptor
Antiviral property Reduces infectivity of virus in dose—time dependent manner [125]
Echinacea purpurea Antiinflammatory Suppresses proinflammatory responses [150]
Antiviral property Has effect on virus during initial infection and at time of transmission [150]
Garlic Replication cycle Interferes with RNA-dependent RNA polymerase [148]
Antiviral property Has antiviral activities [146,147]
Used in management of common cold [122]
Ginseng Immune response Has immunomodulatory effects [122,158,159]
Green tea (containing EGCG, ECG, and EGC) Entry site Inhibits transmembrane protease serine 2 [134]
Antiviral property Possesses broad range of antiviral spectrum [135,136]
Has antiviral effect on influenza virus by altering physical properties [137]
of viral membrane
Nicotianamine Entry site Interferes with attachment and fusion of S-protein and ACE2 receptor [127]
Propolis Antiinflammatory Antiinflammatory activity [151,154,155]
Antiviral property Has antiviral activities [154]
Quercetin Entry site Reduces endocytosis [142]
Replication cycle Interferes with 3 chymotrypsin-like protease [9,143-145]
Antiviral property Has antiviral activities [140]
Resveratrol Antiviral property Has antiviral activities [157]
Sulforaphane Entry site Inhibits transmembrane protease serine 2 [33,128,129]
Antioxidants Decreases oxidative stress and inflammation [132]

ACE, angiotensin converting enzyme; Ang, angiotensin; CD, cluster of differentiation.
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Table 2
Dietary sources for micronutrients and bioactive substances with potential effects on coronavirus disease 2019

Micronutrients and bioactive substances ~ Food source Reference

Vitamin A Animal-derived foods (liver, beef, poultry, fish oils); green leafy vegetables (kale, spinach, broccoli); orange [162-165]
and yellow vegetables (carrots, sweet potatoes, pumpkin, squash, tomatoes, red bell pepper); fruits (mango,
papaya and melon), and red palm oil

Riboflavin Milk and dairy products, organ meats, lean meats, eggs, fish, green vegetables, cereals and grain products [165-168]

Nicotinamide Meat and meat products, milk and dairy products, fish, legumes, cereals and grains [165,168]

Pyridoxine Meat and meat products, milk and dairy products, fish, potatoes and other vegetables, cereals and grain, [164,165,168]
peanuts and soybeans

Folate Vegetables, fruits, legumes, beef, liver and eggs, seafoods [164,165,169]

Vitamin By, Dairy products (milk, butter, cheese yogurt), eggs, meat, poultry, meat, liver, fish, fermented vegetables [163,170]

Vitamin C Fresh fruits (oranges, kiwi, lemon, grapefruit, strawberries) and vegetables (broccoli, Brussels sprouts, cab- [72,163,164]
bage, cauliflower, tomatoes, peppers, white potatoes)

Vitamin D Sun exposure, cod liver oil, oily fish, sun-exposed mushroom [163,164,171]

Vitamin E Plant-based oils, sunflower seeds, almonds, peanuts, pumpkin, asparagus, mango, avocado, red bell pepper,  [163,164,172]
wheat germ

Zinc Refined diets low in cereal fiber and phytic acid, with adequate protein primarily from meats, fish and dairy ~ [162,164]
products

Selenium Seafood, fish, organ meats, poultry, eggs, dairy products, nuts, beans, lentils, whole-wheat bread [163—-165]

Anthraquinone emodin Genus Rheum and polygonum [126]

Curcumin extract Turmeric [125]

Echinacea Echinacea purpurea (purple coneflower) [150,151]

Garlic extract Garlic [173]

Ginseng extract Ginseng [122]

EGCG, ECG, and EGC Green tea (Camellia sinensis) [137]

Nicotianamine Soybean [127]

Propolis Bee products, bee glue [151,174]

Quercetin Apples, honey, raspberries, onions, red grapes, cherries, tea (Camellia sinensis), citrus fruits, and green leafy [175]
vegetables

Resveratrol Grapes, red wine, peanuts, cocoa, and some berries [176-179]

Sulforaphane Broccoli, Brussels sprouts, and cabbage [33]

ECG, epicatechin gallate; EGC, epigallocatechin; EGCG, epigallocatechin-3-gallate.

Vitamin C is highly concentrated in phagocytes and lympho-
cytes, which suggests its physiological role in immune cells [60].
Mucoid surface film of lung alveolae, which contain high vitamin C
concentrations, may behave as a defensive barrier [61]. Vitamin C
supports epithelial barrier function against pathogens [62]. Inges-
tion of high-dose ascorbic acid effectively prevents or ameliorates
the common cold [63,64].

Vitamin C supplementation improves resistance to infection by
improving the immune system [65]. For instance, a study in 1997
indicated that the incidence of pneumonia was significantly
decreased as the result of vitamin C supplementation [66], possibly
through immune system improvements. Walsh et al. [67] reported
that vitamin C supplementation increased chicks’ resistance to
infection with the avian coronavirus. Vitamin C is essential in anti-
viral immune response at an early time of infection, especially
against the influenza virus, through an increased production of
IFN-a/3 [68]. Dehydroascorbic acid, which is an oxidized form of
ascorbic acid, showed strong antiviral activity [69]. Vitamin C is
widely administered to shorten the duration of illness from the
common cold [70,71]. The use of vitamin C reduces runny nose and
relieves pain in limbs and muscles [72].

Vitamin D. Lung epithelial cells express high basal levels of CYP27
B1 and low levels of CYP24 A1, favoring the conversion of vitamin
D to its active form. Vitamin D stimulates the maturation of
immune cells [9] and plays a major role in mediating immune
systems in response to infection [73]. Vitamin D upregulates the
production of human cathelicidin LL-37 [74] and defensins [75],
which have antimicrobial and antiendotoxin activities [74]. The
antiviral effects of vitamin D could be explained by cathelicidin
LL-37, human {3 defensin 2, and perhaps through the release of
reactive oxygen species [76]. Cathelicidin LL-37 tends to disrupt
viral lipid envelopes [76] and appears to be effective in combating
septicemia [77].

Sundaram and Coleman [78] indicated that 1c, 25 dihydroxy
(OH),D downregulates proinflammatory cytokines, such as IL-6,
IL-8, and tumor necrosis factor-alpha, in different cells in vitro
[78]. Vitamin D enhances the expression of genes related to antiox-
idation, such as glutathione reductase and the glutamate-cysteine
ligase modifier subunit [79,80]. The increased production of gluta-
thione spares the use of vitamin C [80-82]. Vitamin D increases
the expression of antiinflammatory cytokines [83] and stimulates
the development of T reg cells [84]. The antiinflammatory effect of
vitamin D has been carried out in part through nuclear factor kB
inhibition [85]. Vitamin D induces IkBa, which is an inhibitor of
nuclear factor kB, and results in the reduction of the viral induction
of inflammatory genes [86]. The vitamin D receptor, which is the
mediator of 1, 25 (OH), D activities, is highly expressed in the lungs
and involves the protection against sepsis-induced lung injury
[31,87]. Shi et al. [88] demonstrated that vitamin D receptor knock-
out mice experienced a higher severity of LPS-induced ALIL
Recently, Biesalski [89] indicated in his review that a low level of
vitamin D may contribute to increased activity of the renin-Ang
system and subsequent higher blood pressure.

The renin-Ang system, which includes ACE and ACE2, is a com-
plex network that plays a major role in various biological functions,
including blood pressure regulation and water balance. ACE
cleaves Ang I into Ang II, while ACE2, a homologue of ACE, func-
tions as an endogenous counter-regulator of ACE by hydrolyzing
Ang II into Ang 1-7 [31,90]. Upon binding to the Ang II type 1
receptor, Ang II causes vasoconstriction, inflammation, and apo-
ptosis, whereas Ang 1-7 opposes the effects of Ang Il by interacting
with its own receptor, Mas [31,91. Vitamin D may attenuate LPS-
induced ALI by inhibiting nuclear factor kB and the renin-Ang sys-
tem homolog family member A/Rho kinase signaling pathways
[92]. To alleviate injury of the lung, vitamin D at least partially
induces ACE2/Ang 1-7 axis activity and inhibits renin and the ACE/
Ang II/Ang II type 1 receptor cascade [31].
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Fig. 2. Potential effects of micronutrients and bioactive substances on COVID-19. Micronutrients and bioactive substances interfere with the attachments of S glycoproteins
and ACE2 receptors, 3CLpro, and RdRp transcription. They have antiviral, antiinflammatory, and antioxidant properties and can bolster the immune responses. APCs, antigen-
presenting cells; COVID-19, coronavirus disease 2019; ECG, epicatechin gallate; EGC, epigallocatechin; EGCG, epigallocatechin gallate; SARS-CoV-2, severe acute respiratory

syndrome coronavirus 2.

Vitamin E. Vitamin E plays an important role in reducing oxidative
stress [93]. Studies have shown that vitamin E deficiency increases
the severity of diseases and causes injury. Beck et al. [94] reported
that vitamin E deficiency intensified the myocardial injury of cox-
sackievirus B3 infection in mice. The virulence of coxsackievirus B3
was increased in mice due to vitamin E and selenium deficiency
[95]. Low levels of vitamins E and D exacerbated bovine coronavi-
rus infection in calves [9,96], which suggests that there is an
inverse association between the status of vitamin E and viral infec-
tion. Thus, improving the status of vitamin E is believed to mini-
mize the deleterious effect of oxidative stress in patients with
COVID-19 infection.

Minerals

Selenium. Selenium is an essential trace element for redox biology
[97]. Selenoproteins contain selenocysteine, and are involved in
antioxidant defense systems [98]. A deficiency of selenium may
account for lung injury. Studies have shown that mice fed with a
selenium-deficient diet developed much more severe lung injuries
than selenium-adequate mice in post-influenza virus infection [99].
This injury may be attributed to the increased expression of proin-
flammatory cytokines and chemokines. Beck et al. [99] indicated
that selenium-dependent glutathione peroxidase may play an
important role during influenza-induced inflammatory processes
[99]. In concert with vitamin E, selenium prevents the formation of
free radicals and oxidative damage to cells and tissues [100].
Selenium has an impact on immune responses. A study on influ-
enza-infected mice revealed that immune responses in the lungs of
selenium-deficient mice skewed toward Th, rather than Th;
responses [99]. Ma et al. [101] reported that selenium in

combination with ginseng stem leaf saponins has a synergistic effect
on the induction of immune responses to vaccines against the infec-
tious bronchitis virus [101]. A lack of selenium may be related to the
mutation of viral genomes [98]. Benign forms of coxsackievirus Bs
and influenza A viruses rapidly mutated to virulence forms in hosts
with a selenium-deficient status [102,103]. Pandemics of SARS and
the influenza A virus originated in biogeochemical selenium-poor
regions of China [100,104,105]. On the other hand, selenium supple-
mentation was shown to diminish viral mutation and improve
immunocompetence of patients with a selenium deficiency [100].

Zinc. Some studies have revealed that zinc has an impact on the
viral replication cycle. For instance, studies on the rhinovirus and
poliovirus 3CLpro showed that zinc ions interfered with protease
activity [106,107]. Krenn et al. [108] observed the inhibition of pol-
yprotein processing by zinc ions in cells infected with the human
rhinovirus and coxsackievirus B3. Zinc ions impaired the replica-
tion of RNA viruses by interfering with the proteolytic processing
of viral polyproteins (Fig. 2) [109]. Uchide et al. [110] suggested
the inhibitory effect of zinc ions on RdRp. Zinc ions were noted to
inhibit RdRps from the rhinovirus and hepatitis C virus [111,112].
In combination with zinc ionophore pyrithione, zinc ions were
shown to inhibit SARS-CoV RdRp activity [109].

Zinc possesses antioxidant and antiinflammatory effects [113].
Prasad et al suggested that zinc reduces oxidative stresses caused
by the common cold [114]. When taken early and appropriately,
zinc was found to be effective in reducing the duration and severity
of the common cold [115]. In addition, zinc can inhibit the expres-
sion of proinflammatory cytokines, chemokines, acute phase pro-
teins (C-reactive protein and fibrinogen) and other factors
involved in inflammatory responses through inhibiting nuclear
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factor kB signaling [116,117] and the modulation of regulatory T-
cell functions, which may limit cytokine storms in COVID-19 infec-
tions [118].

Zinc is considered the second messenger of immune cells [113]
due to its importance in developing and maintaining innate and
adaptive immune systems [119]. Several randomized trials
revealed that zinc has a beneficial effect on treating the common
cold, particularly when used during the first 24 h of symptom
onset [120—122]. Zinc supplement given to zinc-deficient children
could reduce measles-related morbidity and mortality [123]. In
vitro studies revealed that zinc salts were found to inhibit rhinovi-
rus replication, possibly by interfering with rhinovirus cleavage
[65]. Zinc in combination with pyrithione at a low concentration
inhibits SARS-CoV replication [109]. The administration of zinc glu-
conate lozenges every 2 h was effective in decreasing the severity
and duration of the common cold [124]. Zinc acetate lozenges
decreased the total severity scores for all symptoms, and effec-
tively shortened the overall duration of the common cold [113].

Bioactive substances

Bioactive substances from curcumin, echinacea, propolis, garlic,
soybean, green tea, and other polyphenols were identified as play-
ing potential roles in combating COVID-19 infection. Curcumin, a
component of turmeric, has been used as a food additive and herbal
supplement. A study has shown that curcumin interfered with the
binding of enveloped viruses to cell surface [125]. Derivatives of cur-
cumin exhibited antiviral activity against enveloped viruses. Direct
treatment of a virus with curcumin reduced the infectivity of the
virus in a dose—time-dependent manner for enveloped viruses, as
well as the vesicular stomatitis virus [125]. Curcumin also exhibited
antiviral properties against dengue virus and hepatitis C virus [125].

Anthraquinone emodin, derived from the genus Rheum and
polygonum, has the potential to block the interaction of S glycopro-
tein and ACE2 in a dose-dependent manner [126]. Takahashi et al.
[127] identified nicotianamine in soybean and demonstrated its role
as a novel ACE2 inhibitor (Fig. 2) [127]. Sulforaphane (SFN), a phyto-
chemical, is commonly found in cruciferous vegetables, such as
broccoli, cabbage, and Brussels sprouts (Table 2). Studies have
shown that SFN modifies respiratory protease/antiprotease balances
that determine susceptibility to viral infection [33,128,129]. The use
of SFN increases the secretion of antiprotease-like, secretory, leuko-
cyte, protease inhibitors [130] and decreases TMPRSS2 activity
[33,131]. SFN is involved in decreasing oxidative stress and inflam-
mation [132]. Studies have revealed that SFN-containing broccoli
sprouts significantly decreased proinflammatory cytokines, such as
IL-6, in nasal lavage fluid from subjects inoculated with a live atten-
uated influenza virus vaccine [133].

Green tea possesses a broad range of antiviral spectrum on both
enveloped and nonenveloped viruses [134,135]. Polyphenolic com-
pound catechins, including epigallocatechin gallate (EGCG), epicate-
chin gallate, and epigallocatechin from green tea, were observed to
have an antiviral effect on the influenza virus by altering the physical
properties of the viral membrane [136]. EGCG has been shown to
induce antiprotease-like, secretory, leukocyte, protease inhibitor
secretion, and inhibit TMPRSS2 secretion to protect against viral infec-
tion [137]. A study on mice infected with the influenza virus revealed
that the oral administration of EGCG had a nearly 50% decrease in viral
titers and 50% increase in survival rates [33,138]. The distinct antiviral
activities of EGCG were also observed on the Epstein—Barr virus by
inhibiting the expression of viral proteins [136,139].

Several studies indicated the antiviral properties of quercetin
[140]. Quercetin had effect on influenza A virus infection [141].
Pretreatment of quercetin efficiently reduced influenza A virus

endocytosis [142]. Flavonoids, including quercetin 3-f3-d-glucose,
helichrysetin, herbacetin, rhoifolin, pectolinarin, bioflavonoids,
and isobavachalcone, were found to block 3CLpro in patients
infected with the coronavirus [9,143—145]. Garlic also has antiviral
properties [146,147]. Viral RNA polymerase is likely affected by
garlic. Allicin from garlic was able to inhibit viral RNA polymerase
[148]. Garlic in combination with other herbs was used in the man-
agement of the common cold [122,149].

Extracts of Echinacea purpurea, purple coneflower, suppresses
proinflammatory responses [150]. Echinacea is generally consid-
ered an immune stimulant, and typically used to prevent and treat
upper respiratory tract infections [151]. Echinacea has strong anti-
viral effects against certain viruses [152] depending on the time of
application. The administration of echinacea extracts for acute
upper respiratory tract infections may be beneficial at early treat-
ment of an existing illness [151]. Echinacea purpurea has an effect
on viruses during initial infection and at the time of transmission
[150]. Echinacea has been used for several decades to prevent the
common cold and the flu [153]. A multiherbal formula (Immumax)
containing echinacea extract, garlic powder, Nigella sativa oil,
panax ginseng extract, vitamin C, and elemental zinc is helpful to
reduce the duration and severity of the common cold [122].

Propolis has been shown to have antiinflammatory
[151,154,155] and antiviral activities [154]. A study revealed that
propolis had an effect on the influenza virus [151,15]6 and herpes
simplex virus type 1 [154,155]. Likewise, resveratrol has antiviral
properties. Lin et al. [157] reported that resveratrol influenced the
MERS virus. Extracts from ginseng (Panax quinquefolium) were
shown to have immunomodulatory effects [122,158,159]. Ginseng
extracts effectively prevented acute respiratory illness due to influ-
enza and respiratory syncytial viruses [160]. Herba houttuyniae has
been extensively used in symptomatic therapy for pneumonia,
fever, sore throat, and cough [161], suggesting its potential use for
patients with COVID-19 infection.

Conclusions

Vitamins (A, B, C, D, and E), minerals (selenium and zinc), and
bioactive substances from curcumin, echinacea, propolis, garlic,
soybean, green tea, and other polyphenols have shown promising
effects in interrupting transmission, reducing susceptibility, and
ameliorating the severity of SARS-CoV, MERS-CoV, and other viral
infections. These micronutrients and bioactive substances play sig-
nificant roles in interfering with S glycoproteins, ACE2 receptors,
and TMPRSS?2 at the site of entry, as well as inhibiting activities of
papain-like protease, 3CLpro, and RdRp during the replication pro-
cesses. The effects of these micronutrients and bioactive substan-
ces on SARS-CoV propose the same effects on SARS-CoV-2 due to
their similarities in the phylogenetic and replication cycle. Having
immunomodulating, antiinflammatory, antioxidant, and antiviral
properties, all identified micronutrients and bioactive substances
can be considered as alternative nutritional approaches in combat-
ing COVID-19 infection. The proper use of such nutrients in daily
diets can support not only currently existing therapies but also
upcoming vaccines and drugs by enhancing their efficacy. The roles
of micronutrients and bioactive substances in COVID-19 are excit-
ing areas of research and further studies are needed to substantiate
their benefits in combating COVID-19 infection.
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